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Abstract
Land use and agro-management practices influence the quantity and quality of soil organic matter. Soil properties to a large extent are 
influenced by the content and nature of soil organic matter. A field study was conducted in two locations, one at Amayannoor and the 
other at Mundakayam in Kottayam district, Kerala to undertake the spectroscopic characterization of soil organic matter. The four 
rubber systems investigated at Amayannoor were mature rubber, immature rubber with cover crop Pueraria phaseoloides, immature 
rubber with inter-crop banana and immature rubber with inter crop pineapple. At Mundakayam, mature rubber, immature rubber with 
cover crop Mucuna bracteata, immature rubber with inter crop banana, and immature rubber with inter crop pineapple were 
investigated. Both, UV-Vis and FTIR spectroscopic studies were carried out. Soil organic matter under mature rubber was observed to 
be more aromatic than soil under immature systems at both locations. Among the different immature systems, the soil organic matter 
in rubber-Pueraria system showed the presence of more carbohydrates and polysaccharides than rubber-pineapple and rubber-
banana systems. However, rubber-Mucuna system showed relatively higher aromaticity than rubber-pineapple and rubber-banana 
systems. This study confirms the earlier reports about the faster decomposition of soil organic matter in rubber-Pueraria system and 
slower decomposition of soil organic matter in mature rubber plantation. This spectral investigation also revealed the specific nature 
viz., higher aromaticity of the soil organic matter in rubber-Mucuna system which contributed towards the buildup of soil carbon in the 
system.
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Introduction 2002; Wander, 2004; Kaiser and Ellerbrock, 2005). 
The chemical composition of SOM is an important 
Soil organic matter (SOM) is a complex mixture determinant of the nutrient supplying capacity of 
of organic materials derived from plant litter/crop soils. Information on the chemical structure of 
residues, roots and micro-organisms and it mainly SOM contributes to the understanding of bio-
comprises of carbohydrates, amino acids, proteins, available and stable forms of SOM also.
lipids, and lignins. It is the primary soil component 
Spectral investigations are useful in the that influences physico-chemical as well as 
characterization of SOM. Spectroscopic biological properties of soil. Maintaining or 
techniques such as ultraviolet-visible (UV-Vis) and increasing SOM is important from an agronomic as 
Fourier-transform infrared (FTIR) are employed well as an environmental perspective as it 
for qualitative and quantitative characterization of influences soil fertility and crop productivity and 
SOM (Barancikova et al., 1997; Rivero et al., functions as a source and sink of atmospheric
1998). Schnitzer and Khan (1972) observed that the CO -C.
2
presence of aromatic chromophores and other such 
organic components in soil organic matter leads to Many of the soil functions such as storage and 
strong absorbance in the UV-Vis rangesupply of nutrients and water depend on the nature 
(190-800 nm), especially in the UV region. The and content of organic matter in the soil. The 
ratio of absorbance at 250 and 365 nm (E /E ) and quality and quantity of SOM are influenced mainly 2 3
465 and 665 nm (E /E ) were often used for the by vegetation and management practices such as 4 6
tillage, organic amendments, etc. (Solomon et al., characterization of SOM (Chin et al., 1994; Chen
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Mature rubber Second 20 12 kg FYM in the pit at the time Pitting at the time of
of planting p l a n t i n g  r u b b e r  
Rubber-Mucuna Third 3 12 kg FYM in the pit at the Pitting at the time of
time of planting rubber p l a n t i n g  r u b b e r
Mundakayam Rubber-banana Third 2 For rubber-12 kg FYM in the Pitting at the time of 
pit at the time of planting rubber p l a n t i n g  r u b b e r
For banana- 10 kg FYM/plant Manual tillage of 
in each year inter-row area of
rubber plants for
p l a n t i n g  b a n a n a
Rubber-pineapple Third 2 For rubber-12 kg FYM in the Pitting at the time of 
pit at the time of planting rubber p l a n t i n g  r u b b e r
-1
 For pineapple - 25 t ha  organic Mechanical tillage of 
manure as basal dose the entire area before
planting pineapple
et al., 1977). Purmalis and Klavins (2013) reported immature rubber plantation is also a common 
that UV absorbance ratios in different wavelengths practice and banana and pineapple are the popular 
indicate the extent of the humification of organic intercrops. The content and composition of SOM in 
matter. In the studies conducted in Czech soils by the various rubber-based systems may vary 
Fasurova and Pospisilova (2010) also UV-Vis (Abraham, 2015) as plant residues are the primary 
spectroscopy was employed to understand the source of SOM in any system. The agro- 
degree of humification and nature of organic management practices followed in different rubber-
matter. based systems also vary. Naturally, a variation in 
relative size and composition of SOM pools in 
FTIR spectroscopy also enables the 
these systems is expected. Even though there are 
characterization of SOM as absorbance intensity in 
many reports available on the effect of 
-1
the mid-infrared region (4000-400 cm ) can be 
intercrop/cover crop on soil properties in rubber 
used to fingerprint the components in SOM. 
growing soils (Jessy et al.,1996; Philip et al., 2005; 
Ellerbrock et al. (1999a, 1999b, 2001a, 2001b) and 
George et al., 2012) information on chemical 
Gerzabek et al. (2006) used FTIR spectra to 
structure of organic matter in various rubber-based 
identify components of SOM under various land-
systems in the traditional rubber growing areas in 
use systems and management practices. In 
south India is lacking. Hence, the present study was 
Ethiopian soils, using FTIR spectra, Solomon et al. 
conducted to characterize SOM in different rubber-
(2005) studied the impact of various land-use 
based systems through a spectroscopic approach.
systems on different organic components in 
different size fractions of soils. Haberhauer et al. Materials and methods
(2000) also reported that FTIR spectroscopy is a 
Site description/characteristicspowerful tool for the investigation of the quality of 
organic matter in soils under different vegetation.
The study was conducted at two locations in the 
Kottayam district in Central Kerala. One location Hevea brasiliensis, the main source of natural 
was in a smallholding sector (Amayannoor village rubber, is cultivated in about 8.1 lakh hectare area in 
0 0 
India and the major portion is in Kerala (Rubber in Kottayam, 9  37' N, 76 36' E) and the other in an 
Board, 2017). In immature rubber plantations, the estate sector (Harrisons Malayalam Limited, 
0 0 
establishment of legume covers (Pueraria Mundakayam, 9  31' N, 76 52' E). The systems and 
phaseoloids/ Mucuna bracteata) is a recommended associated management practices in each location 
agro-management practice. Intercropping in are briefed in Table 1.
Table 1. Management practices followed in different rubber-based systems
Mature rubber Second 23 12 kg FYM* in the pit at Pitting at the time of
the time of planting p l a n t i n g  r u b b e r
Rubber-Pueraria Third 3 12 kg FYM in the pit at the Pitting at the time of
 time of planting rubber p l a n t i n g  r u b b e r  
Rubber-banana Third 2 For rubber-12 kg FYM in the Pitting at the time of 
pit at the time of planting rubber. p l a n t i n g  r u b b e r  
Amayannoor For banana- 10 kg FYM/plant Manual tillage of 
in each year inter-row area of
rubber plants for
p l a n t i n g  b a n a n a
Rubber-pineapple Third 2 For rubber-12 kg FYM in the Pitting at the time of 
pit at the time of planting rubber. p l a n t i n g  r u b b e r
-1
For pineapple- 25 t ha  organic Mechanical tillage of 
manure as basal dose the entire area before
planting pineapple 
Location Systems
Planting
cycle
Age
(years)
Input of organic
manure
Soil disturbances
(Tillage/pitting)
*FYM- Farmyard manure
-1
Other nutrient inputs (kg ha ) in rubber plantations during-
First year NPKMg @ 20:20:8:3
Second year NPKMg @40:40:16:6
Third year NPKMg @50:50:20:7.5
Fourth year NPKMg @40:40:16:6
Fifth year onwards NPK @30:30:30
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The under-flora in mature rubber plantation was by Schnitzer (1982). Absorbance was measured at 
scanty and the litter turnover was negligible in both 254 (E ), 365 (E ), 465 (E ) and 665 (E ) nm using a 
2 3 4 6
locations, whereas thick litter layers of UV-Vis spectrophotometer (UV-1601, Shimadzu). 
Pueraria/Mucuna were observed in the respective Then E /E  and E /E  ratios were worked out.
2 3 4 6
immature fields. Incorporation of crop residues of 
For FTIR characterization, agate milled soil the previous banana planting was noticed in the 
samples were used. Two milligrams of the rubber-banana system. Litter or crop residues were 
homogenized powdered sample was thoroughly observed to be very meager in the rubber-pineapple 
mixed with 200 mg of KBr (FTIR grade) and fields compared to other studied systems. The 
pelletized using a hydraulic press at 12 bar. The fertilizers were supplied separately to intercrops.
pelletized KBr samples were dried in an oven
oSoil sampling and analyses
(100 C) for two hours before the analysis to 
minimize interference from absorbed water. FTIR Soil samples (0-10 cm) were collected on a 
spectra were recorded in a spectrometer (Varian 660-random basis from five different sites in each system 
-1 
IR FTIR) with resolution 4 cm and 20 scans in each location. From each sampling site, three 
(Ellerbrock et al., 1999a). Following the subtraction samples were collected and composited. Samples 
method (Bio Rad, 1996), all spectra were corrected were sieved (2 mm), air-dried and used for the 
to minimize the effect of mineral contents. The analysis. Carbon content in these samples was 
relative absorbance of different components in the estimated by dry combustion method using an 
spectra was calculated as described by Gerzabekautomated elemental analyzer (Leco, Truspec-CN) 
et al. (2006):and the data generated were subjected to a one-way 
analysis of variance  (Gomez and Gomez, 1984).
The organic compounds in the soil were extracted 
with 0.05 M NaHCO in the ratio 1:5 and used for the 
3 
UV-Vis spectroscopic characterization as described 
       The peak height of a distinct
peak x 100
Relative
absorbance    Sum of the heights of all peaks
=
133 134
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Results and discussion Among the different soil systems at Amayannoor, 
mature rubber showed a lower E /E  value than the 
2 3
A significant difference was noticed in soil 
immature systems (Table 3). The ratio E /E
2 3 organic carbon (SOC) status of different systems in 
increased in the order, mature rubber<rubber-
both locations (Table 2).
pineapple<rubber-banana<rubber-Pueraria. E /E  
4 6
Immature rubber with cover crop recorded the values also showed a similar trend. At Mundakayam 
highest SOC status in the two locations. At also a lower E /E  value was observed for mature 
2 3
Amayannoor, it decreased in the order rubber- rubber than that of immature systems and it 
Pueraria>rubber-banana>mature rubber>rubber- increased in the order, mature rubber<rubber-
pineapple. Among the different systems at Mucuna<rubber-pineapple<rubber-banana
Mundakayam, it decreased in the order rubber- (Table 4). The E /E  values also showed a similar 
4 6
Mucuna>rubber-banana>rubber-pineapple>mature pattern.
rubber. The higher SOC status in the Pueraria 
system could be due to the higher input of quality Table 3. UV-Vis absorbance ratios of organic 
litter and faster decomposition of Pueraria (Philip substances in different systems at 
and Abraham, 2009). The crop residue addition and Amayannoor
high input of organic manure in banana cultivation 
might have resulted in high SOC status in the rubber-
banana system. The intense mechanical tillage 
during the planting of pineapple and the lesser 
turnover of crop residues in the system might have 
resulted in low SOC status in the rubber-pineapple 
system. George et al. (2012) also reported higher 
SOC in cover cropped and banana intercropped 
rubber fields than pineapple intercropped fields. The 
higher SOC status in the rubber-Mucuna system at Table 4. UV-Vis absorbance ratios of organic 
Mundakayam could be due to the higher litter substances in different systems at 
turnover of Mucuna compared to other crops. Mundakayam
Table 2. Soil organic carbon status in different 
systems at different locations
Chin et al. (1994) and Peuravouri and Pihlaja 
(1997) observed that the E /E  absorbance ratio was 
2 3
negatively correlated with molecular weight and 
aromaticity of humic substances. The absorbance at 
higher wavelengths indicates the presence of 
compounds with more conjugation, which reflects 
higher aromaticity or more condensation of aromatic 
constituents. The low E /E  ratio of mature rubber 
2 3
systems at the two locations indicated that SOM in 
mature rubber plantation is more aromatic than the 
The absorbance ratio E /E  (254 and 365 nm) and 
2 3 other studied systems. 
E /E  (465 and 665 nm) of organic substances in 
4 6
The E /E  ratio also is inversely related to the different systems at Amayannoor and Mundakayam 4 6
are shown in  Table 3 and 4, respectively. aromaticity and to the degree of condensation of the 
chain of aromatic carbons of the organic compounds rubber-banana and rubber-pineapple systems 
and could be used as an index of humification indicated the presence of more condensed organic 
(Kononova, 1966 and Chen et al., 1977). Chin et al. materials in the rubber- Mucuna system. 
(1997) also found that a low E /E  ratio reflects a 
4 6
Vieyra et al. (2009) reported that higher values higher degree of condensation of aromatic structures 
E /E could be due to the presence of less condensed 
4 6 while a high ratio indicates the presence of more 
forms of organic compounds such as proteins and aliphatic structures and less condensed aromatic 
carbohydrates. Chen et al. (2002) also reported a structures. Albrecht et al. (2011) reported that the 
high intensity of absorption in polyphenolic rich absorbance at 460-480 nm indicates the presence of 
fraction than in carbohydrate-rich fraction in theorganic material in the initial phase of humification 
UV-Vis spectra of natural organic matter fractions.and absorbance at 600-670 nm is indicative of 
strongly humified material with more aromatic 
Figures 1 and 2 show the FTIR spectra of bulk condensed groups. The low E /E in mature rubber 
4 6
soils of different systems at Amayannoor and 
systems indicate relatively more condensation of 
Mundakayam respectively. In all the systems sharp SOM in the mature rubber plantations. 
-1 
bands were recorded at about 3690 cm (primaryComparatively higher E /E and E /E  values in the 
2 3 4 6
-1
N-H stretch), 3400 cm  (stretching of bonded and immature systems indicate the presence of relatively 
-1 
non-bonded hydroxyl groups), 1630 cm (C=O more aliphatic compounds in these systems which 
vibrations of carboxylates and aromatic vibrations) might be due to the fresh additions of organic matter 
-1
and at 1034 cm  (C-O stretching vibrations of in the form of legume litter and crop residues. 
polysaccharides, carbohydrates). For quantifying Among the three immature systems at Amayannoor, 
the relative variations in the FTIR spectra of the higher E /E and E /E for rubber-Pueraria 
2 3 4 6 
different systems in each location, relative indicated the presence of relatively higher 
absorbance was calculated from peak heights and is proportions of aliphatic structures. The relatively 
given in Tables 5 and 6.lower E /E and E /E values of rubber-Mucuna than 
2 3 4 6 
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Location System
-1
SOC (g kg )
Mature rubber 20.55
Amayannoor Rubber-Pueraria 23.40
Rubber-banana 21.63
Rubber- pineapple 19.36
SE 0.54
CD 1.62
Mature rubber 19.13
Mundakayam Rubber-Mucuna 25.93
Rubber-banana 23.25
Rubber- pineapple 21.93
SE 0.44
CD 1.32
Mature rubber 1.67 2.81
Rubber-Pueraria 3.66 4.52
Rubber-banana 2.87 4.22
Rubber- pineapple 2.52 3.26
Absorbance ratio
E /E
2 3
E /E
4 6
System
Mature rubber 1.50 2.73
Rubber-Mucuna 2.80 3.05
Rubber-banana 3.06 4.14
Rubber- pineapple 3.00 3.46
Absorbance ratio
E /E
2 3
E /E
4 6
System
IR characterization
Fig. 1. FTIR spectra of different rubber based systems at Amayannoor
Fig. 2. FTIR spectra of different rubber based systems at Mundakayam
136
Mature rubber 18.31 81.68
Rubber-Pueraria 8.75 91.25
Rubber-banana 12.61 87.39
Rubber- pineapple 11.92 88.00
Relative absorbance at
-1
1630 cm
-1
1034 cm
System
Table 5. Relative IR absorbance of soils in different The rubber-Pueraria system at Amayannoor 
-1 systems at Amayannoor recorded the highest relative absorbance at 1034 cm
while the lowest was observed in mature rubber 
system (Table 5). The rubber-banana and rubber-
pineapple systems recorded comparable relative 
absorbance and are intermediate to that of mature 
rubber and rubber-Pueraria system. The results 
indicate the presence of more carbohydrates and
Results and discussion Among the different soil systems at Amayannoor, 
mature rubber showed a lower E /E  value than the 
2 3
A significant difference was noticed in soil 
immature systems (Table 3). The ratio E /E
2 3 organic carbon (SOC) status of different systems in 
increased in the order, mature rubber<rubber-
both locations (Table 2).
pineapple<rubber-banana<rubber-Pueraria. E /E  
4 6
Immature rubber with cover crop recorded the values also showed a similar trend. At Mundakayam 
highest SOC status in the two locations. At also a lower E /E  value was observed for mature 
2 3
Amayannoor, it decreased in the order rubber- rubber than that of immature systems and it 
Pueraria>rubber-banana>mature rubber>rubber- increased in the order, mature rubber<rubber-
pineapple. Among the different systems at Mucuna<rubber-pineapple<rubber-banana
Mundakayam, it decreased in the order rubber- (Table 4). The E /E  values also showed a similar 
4 6
Mucuna>rubber-banana>rubber-pineapple>mature pattern.
rubber. The higher SOC status in the Pueraria 
system could be due to the higher input of quality Table 3. UV-Vis absorbance ratios of organic 
litter and faster decomposition of Pueraria (Philip substances in different systems at 
and Abraham, 2009). The crop residue addition and Amayannoor
high input of organic manure in banana cultivation 
might have resulted in high SOC status in the rubber-
banana system. The intense mechanical tillage 
during the planting of pineapple and the lesser 
turnover of crop residues in the system might have 
resulted in low SOC status in the rubber-pineapple 
system. George et al. (2012) also reported higher 
SOC in cover cropped and banana intercropped 
rubber fields than pineapple intercropped fields. The 
higher SOC status in the rubber-Mucuna system at Table 4. UV-Vis absorbance ratios of organic 
Mundakayam could be due to the higher litter substances in different systems at 
turnover of Mucuna compared to other crops. Mundakayam
Table 2. Soil organic carbon status in different 
systems at different locations
Chin et al. (1994) and Peuravouri and Pihlaja 
(1997) observed that the E /E  absorbance ratio was 
2 3
negatively correlated with molecular weight and 
aromaticity of humic substances. The absorbance at 
higher wavelengths indicates the presence of 
compounds with more conjugation, which reflects 
higher aromaticity or more condensation of aromatic 
constituents. The low E /E  ratio of mature rubber 
2 3
systems at the two locations indicated that SOM in 
mature rubber plantation is more aromatic than the 
The absorbance ratio E /E  (254 and 365 nm) and 
2 3 other studied systems. 
E /E  (465 and 665 nm) of organic substances in 
4 6
The E /E  ratio also is inversely related to the different systems at Amayannoor and Mundakayam 4 6
are shown in  Table 3 and 4, respectively. aromaticity and to the degree of condensation of the 
chain of aromatic carbons of the organic compounds rubber-banana and rubber-pineapple systems 
and could be used as an index of humification indicated the presence of more condensed organic 
(Kononova, 1966 and Chen et al., 1977). Chin et al. materials in the rubber- Mucuna system. 
(1997) also found that a low E /E  ratio reflects a 
4 6
Vieyra et al. (2009) reported that higher values higher degree of condensation of aromatic structures 
E /E could be due to the presence of less condensed 
4 6 while a high ratio indicates the presence of more 
forms of organic compounds such as proteins and aliphatic structures and less condensed aromatic 
carbohydrates. Chen et al. (2002) also reported a structures. Albrecht et al. (2011) reported that the 
high intensity of absorption in polyphenolic rich absorbance at 460-480 nm indicates the presence of 
fraction than in carbohydrate-rich fraction in theorganic material in the initial phase of humification 
UV-Vis spectra of natural organic matter fractions.and absorbance at 600-670 nm is indicative of 
strongly humified material with more aromatic 
Figures 1 and 2 show the FTIR spectra of bulk condensed groups. The low E /E in mature rubber 
4 6
soils of different systems at Amayannoor and 
systems indicate relatively more condensation of 
Mundakayam respectively. In all the systems sharp SOM in the mature rubber plantations. 
-1 
bands were recorded at about 3690 cm (primaryComparatively higher E /E and E /E  values in the 
2 3 4 6
-1
N-H stretch), 3400 cm  (stretching of bonded and immature systems indicate the presence of relatively 
-1 
non-bonded hydroxyl groups), 1630 cm (C=O more aliphatic compounds in these systems which 
vibrations of carboxylates and aromatic vibrations) might be due to the fresh additions of organic matter 
-1
and at 1034 cm  (C-O stretching vibrations of in the form of legume litter and crop residues. 
polysaccharides, carbohydrates). For quantifying Among the three immature systems at Amayannoor, 
the relative variations in the FTIR spectra of the higher E /E and E /E for rubber-Pueraria 
2 3 4 6 
different systems in each location, relative indicated the presence of relatively higher 
absorbance was calculated from peak heights and is proportions of aliphatic structures. The relatively 
given in Tables 5 and 6.lower E /E and E /E values of rubber-Mucuna than 
2 3 4 6 
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Location System
-1
SOC (g kg )
Mature rubber 20.55
Amayannoor Rubber-Pueraria 23.40
Rubber-banana 21.63
Rubber- pineapple 19.36
SE 0.54
CD 1.62
Mature rubber 19.13
Mundakayam Rubber-Mucuna 25.93
Rubber-banana 23.25
Rubber- pineapple 21.93
SE 0.44
CD 1.32
Mature rubber 1.67 2.81
Rubber-Pueraria 3.66 4.52
Rubber-banana 2.87 4.22
Rubber- pineapple 2.52 3.26
Absorbance ratio
E /E
2 3
E /E
4 6
System
Mature rubber 1.50 2.73
Rubber-Mucuna 2.80 3.05
Rubber-banana 3.06 4.14
Rubber- pineapple 3.00 3.46
Absorbance ratio
E /E
2 3
E /E
4 6
System
IR characterization
Fig. 1. FTIR spectra of different rubber based systems at Amayannoor
Fig. 2. FTIR spectra of different rubber based systems at Mundakayam
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Mature rubber 18.31 81.68
Rubber-Pueraria 8.75 91.25
Rubber-banana 12.61 87.39
Rubber- pineapple 11.92 88.00
Relative absorbance at
-1
1630 cm
-1
1034 cm
System
Table 5. Relative IR absorbance of soils in different The rubber-Pueraria system at Amayannoor 
-1 systems at Amayannoor recorded the highest relative absorbance at 1034 cm
while the lowest was observed in mature rubber 
system (Table 5). The rubber-banana and rubber-
pineapple systems recorded comparable relative 
absorbance and are intermediate to that of mature 
rubber and rubber-Pueraria system. The results 
indicate the presence of more carbohydrates and
Chen, J., Gu, B., LeBoeuf, E.J., Pan, H. and Dai, S. 2002. and management practices. It was found that SOM 
Spectroscopic characterization of the structural and under a mature rubber system is expressing the 
functional properties of natural organic matter fractions. 
presence of relatively more aromatic components 
Chemosphere 48: 59-68.
than immature systems with cover crop/inter-crop. 
Chin, Y., Aiken, R.G. and O'Loughlin, E. 1994. Molecular 
Among the various immature systems, the SOM in 
weight, polydispersity and spectroscopic properties of 
the rubber-Pueraria system was found less aquatic humic substances. Environmental Science and 
aromatic than rubber-pineapple and rubber-banana Technology 28(11): 1853-1858.
systems whereas the rubber-Mucuna system was 
Chin, Y., Aiken, R.G. and Danielsen, M.K. 1997. Binding of 
more aromatic than rubber-pineapple and rubber- pyrene to aquatic and commercial humic substances: the 
banana systems. The presence of relatively larger role of molecular weight and aromaticity. Environmental 
Science and Technology 31(6): 1630-1635.proportions of aliphatic structures such as 
carbohydrates and polysaccharides in rubber- Ellerbrock, R.H., Hohn, A. and Rogasik, J. 1999a. Functional 
analysis of soil organic matter as affected by long term Pueraria system was also revealed. This may 
manorial treatment. Europian Journal of Soil Scienceenhance the microbial activity and associated 
50: 65-71.
nutrient release in the system compared to other 
Ellerbrock, R.H., Hohn, A. and Rogasik, J. 1999b. intercropped systems which are advantageous in 
Characterization of soil organic matter from a sandy soil in the growing phase of rubber. Higher aromaticity in 
relation to management practice using FTIR spectroscopy. 
the soil under the rubber-Mucuna system helps in 
Plant and Soil 213: 55-61.
the buildup of soil carbon. The relative enrichment 
Ellerbrock, R.H., Hohn, A. and Rogasik, J. 2001a. FTIR of carboxylic and aromatic groups in the SOM of 
studies on soil organic matter from long term field 
mature rubber leads to carbon sequestration which 
experiments. In: Sustainable Management of Soil Organic 
is environmentally beneficial. UV-Vis and FTIR Matter. (Eds.) Rees, R.M., Ball, B.C., Campbell, C.D. and 
Watson,C.A., CABI Publishing, Wallingford, pp. 34-41.spectroscopic studies were found useful in SOM 
quality evaluation in rubber plantations. Ellerbrock, R.H., Hohn, A. and Rogasik, J. 2001b. FTIR studies 
on soil organic matter composition influenced by different 
Acknowledgment
land use. In: Proceedings of the Soil Structure / Carbon 
th
workshop: 4  Eastern Canada Soil Structure Workshop. 
The authors are thankful to Dr. Geetha Kumari 
(Eds.) Reynolds, W.D., Drury, C.F. and Tan, C.S., Leamington 
Amma, Junior Scientific Officer, ACRT for the help National Library of Canada, Harrow, Ontario, pp. 34-41.
rendered during spectral studies.
Fasurova, N. and Pospisilova, L. 2010. Characterization of soil 
humic substances by UV-Visible and synchronous References
fluorescence spectroscopy. Journal of Central Europian 
Abraham, J. and Chudek, J.A. 2008. Studies on litter Agriculture 11(3): 351-358.
13
characterization using C NMR and assessment of 
George, E.S., Joseph, P., Jessy, M.D., Joseph, K. and Nair, N.U. 
microbial activity in natural forest and plantation crops' 
2012. Influence of intercropping on growth of rubber 
(teak and rubber) soil ecosystems of Kerala, India. Plant 
(Hevea brasiliensis) and soil physico-chemical properties. 
and Soil 303: 265-273.
Natural Rubber Research 25(1): 39-45.
Abraham, J. 2015. Soil health in different land use systems in 
Gerzabek, M.H., Antil, R.S., Kogel-Knabner, I., Knicker, H., 
comparison to a virgin forest in a tropical region of Kerala. 
Kirchmann, H. and Habenhauer, G. 2006. How are soil use 
Rubber Science 28(1): 8-21.
and management reflected by soil organic matter 
characteristics? A spectroscopic approach. Europian Albrecht, R., Petit, J.L., Terrom, G. and Perissol, C. 2011. 
Journal of Soil Science 57: 485-494.Comparison between UV spectroscopy and NIRS to assess 
humification process during sewage sludge and green 
Golchin, A., Clarke, P., Oades, J.M. and Skjemstad, J.O. 1995. 
waste co-composting. Bioresource Technology 102(6): 
The effects of cultivation on the composition of organic 
4495-4500.
matter and structural stability of soils. Australian  Journal 
of Soil Science 33: 975-993.Barancikova, G., Senesi, N. and Bruneti, G. 1997. Chemical 
and spectroscopic characterization of humic acids isolated 
Gomez, K.A. and Gomez, A.A. (1984). Statistical Procedures 
from different Slovak soil types. Geoderma  78: 251-266. nd 
for Agricultural Research, 2 Edn. John Wiley and Sons, 
Bio Rad. 1996. FTS 135 WIN-IR foundation manual. Bio Rad New York, 680 p.
Technical  Publications 091-0912A: 128-130.
Haberhauer, G., Feigl, B., Gerzabek, M.H., and Cerri, C. 2000. 
Chen, Y., Senesi, N. and Schnitzer, M. 1977. Information FTIR spectroscopy of organic matter in tropical soils: 
provided on humic substances by E /E  ratios. Soil Science changes induced through deforestation. Applied 
4 6
Spectroscopy  54: 221–224.Society of America Journal 41: 352-358.
 polysaccharides in the rubber-Pueraria system and the labile species such as cellulose (Philip and 
compared to other systems. The relative Abraham, 2009) might have also contributed to the 
-1
observed difference in aromaticity of the different absorbance at 1630 cm  was highest in mature 
13
rubber while the lowest was in the rubber-Pueraria systems. C NMR studies (Abraham and Chudek, 
system. The other two systems showed almost 2008) also showed the presence of more alkyl-C in 
closer relative absorbance. The strong IR rubber litter than in Mucuna and Pueraria.
-1
absorbance of mature rubber soils at 1630 cm  
The spectroscopic data revealed from the
indicated more aromaticity and hence more 
UV-Vis and FTIR studies are complementary. Also, 
condensation in the SOM of mature rubber system. 
these results were in agreement with that of studies 
The agro- management operations such as tillage 
on SOM fractions in different rubber-based 
carried out in the rubber-pineapple and rubber-
systems (Philip, 2014). The presence of relatively 
banana systems might have resulted in higher 
more aliphatic components in the rubber-Pueraria 
aromaticity in these two systems compared to that 
system was also reflected in higher soil respiration 
of the rubber-Pueraria system. Tillage of soil leads 
(Philip and Abraham, 2016).
to loss of more readily decomposable fraction, 
resulting in an increase in the proportion of the 
Carbohydrates and polysaccharides are 
more recalcitrant aromatic C forms in the SOM. 
important as bonding agents for soil aggregates and 
Similar observations in tilled and untilled lands 
as an energy source for soil microorganisms. These 
were reported by Golchin et al. (1995) and 
easily degradable SOM components also play a 
Solomon et al. (2005). 
significant role in nutrient mineralization. On the 
other hand, the presence of aromatic constituents in Table 6. Relative IR absorbance of soils in different 
the SOM leads to slow decomposition of organic systems at Mundakayam
matter which in turn helps in minimizing the CO
2 
emission to the atmosphere which is an important 
environmental concern. Higher aromaticity also 
leads to a build-up of organic matter. The presence 
of more carbohydrates and polysaccharides in soils 
under the rubber-Pueraria system makes it a better 
system than the inter-cropped systems in terms of 
soil quality. Hence, establishing Pueraria in the 
initial growing phase of rubber cultivation is a 
Among the different systems studied at 
beneficial management practice. Rubber-banana -1 
Mundakayam, the relative absorbance at 1034 cm
and rubber-pineapple systems were found better 
decreased in the order rubber-banana>rubber-
than the rubber-Mucuna system in terms of soil 
pineapple>rubber-Mucuna>mature rubber (Table 6).
quality as these two intercrops contribute more 
-1 carbohydrates and polysaccharides than the cover 
The higher absorbance at 1034 cm observed in 
crop Mucuna. However, higher aromaticity 
rubber-banana and rubber-pineapple systems 
observed in rubber-Mucuna systems than that in the 
indicated the presence of more carbohydrates and 
in tercropped sys tems i s  benef ic ia l  in  
polysaccharides in these two systems compared to 
retaining/improving the soil carbon status. Hence, 
the other two systems. The relative absorption at 
establishing Mucuna in rubber plantations low in -1
1630 cm  was the highest in mature rubber and the 
organic carbon status is advantageous. The highest 
lowest in the rubber-banana system. The strong 
aromaticity of the SOM observed in mature rubber -1 
absorption observed at 1630 cm for mature rubber 
indicates that the organic matter may remain in the 
indicated more aromaticity as observed in location, 
sy s t em fo r  l onge r  pe r iods ,  wh ich  i s  
Amayannoor. This may be due to the dominance of 
environmentally beneficial.
more recalcitrant aromatic forms in the SOM of 
mature rubber system. Conclusion
Wide variation in the quality of litter as The present spectral studies confirm the results 
indicated by the variation in the content of of previous studies indicating that the composition 
recalcitrant groups such as lignin and polyphenols of SOM in rubber plantation varied with land use 
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Mature rubber 16.67 83.32
Rubber-Mucuna 15.80 84.20
Rubber-banana 11.08 88.85
Rubber- pineapple 12.71 87.29
Relative absorbance at
-1
1630 cm
-1
1034 cm
System
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Assessment of crop loss in Arabica coffee due to white stem borer, 
Xylotrechus quadripes Chevrolat (Coleoptera: Cerambycidae) 
infestation
A. Roobak Kumar*, T. N. Gopinandhan, P. Krishna Reddy, M. S. Uma, Somashekhargouda 
Patil, G. V. Manjunath Reddy and H. G. Seetharama 
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Abstract
The coffee white stem borer (CWSB) is the most dreaded pest of Arabica coffee in India. Due to the concealed nature of this pest, the 
management measures are difficult and require the timely implementation of control measures. The recommended practices for the 
management of CWSB mainly targets on eggs and early instar larvae, apart from tracing and uprooting of infested plants before the 
commencement of flight periods (April-May and Oct-Dec). In general, young Arabica coffee plants infested by CWSB die within a 
year, whereas aged plants withstand the attack for few more years. However, such plants become less productive, susceptible to 
diseases and also serve as inoculum for further spreading of the infestation.  A study was undertaken to assess the crop loss due to 
CWSB infestation on established Arabica plantation in Tamil Nadu. The result indicated a significant difference between healthy and 
infested plants and the crop loss was to the tune of 17.7 per cent. Further, quantitative data on out-turn percentages recorded at different 
stages of coffee processing (right from harvesting of fruits to marketable green coffee bean) are discussed in this paper. 
Keywords: Coffee, crop loss, out turn, Xylotrechus quadripes, yield
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Introduction
 the
which the adult beetle emerges out of the stem and 
carries forward further generations and infestation. 
The coffee white stem borer (CWSB), There are two flight periods for the CWSB in a year: 
Xylotrechus quadripes Chevrolat (Coleoptera: the summer flight from April to May and the winter 
Cerambycidae), is the most dreaded pest of flight from October to December. Affected plants 
Arabica coffee in India and endemic to Indo-China show externally visible symptoms such as ridges on 
region. Except for India, all other countries like the stem, wilting and yellowing of leaves. Due to the 
Vietnam, Thailand, and Indonesia are primarily concealed nature of the life cycle, the management 
producing Robusta coffee which is resistant to this measures are difficult and highly time-specific. The 
pest (Seetharama et al., 2005). Thus, India is the major management practices for the control of 
only country where the CWSB is prevalent among CWSB include targeting eggs and the early instar 
the coffee-producing countries in the Asia- larvae, besides tracing and uprooting of infested 
Oceanic region. The female beetle of CWSB lays plants before the commencement of the flight period. 
eggs on the surface of the coffee stem. After Less than five plants infested per acre is considered 
hatching, the larvae enter inside the main stem and as low level of infestation. Whereas, ten to fifteen 
make tunnels in all  directions. In some cases, and above fifteen infested plants per acre are 
the tunnels may extend up to the root region. The considered as the medium and high level of 
larval stage lasts for about ten months, followed by infestation, respectively. Normally, the young plants 
the pupal stage for about one month and after infested by CWSB succumb within a year and aged 
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